1. Introduction {#sec0001}
===============

Tuberculosis (TB) is a major cause of morbidity and death worldwide, and disproportionally affects people with human immunodeficiency virus (HIV), with a severe impact on mortality and economic growth of highly affected countries [@bib0001], [@bib0002], [@bib0003], [@bib0004]. Despite several improvements in diagnosis, mostly due to the introduction of rapid tests such as GeneXpert and urine LAM test, that quickly detect presence of nucleic acids or other bioproducts of Mycobacterium Tuberculosis in biological samples [@bib0005], [@bib0006], many cases remain undiagnosed, and rapid and effective screening strategies are still needed to control more successfully the TB epidemics in countries with limited resources [@bib0007], [@bib0008], [@bib0009]. Active TB produces an increase in the blood levels of some markers of inflammation or immune response such as C-reactive protein (CRP), interferon gamma, neopterin, complement factor H, interferon gamma inducibile protein 10 (IP-10), transthyretin and others. Biomarkers have been studied as diagnostic tools in screening strategies in addition to molecular tests and symptom screening. Although some studies have evaluated individual markers and panels of serum proteins for the diagnosis of active TB [@bib0010], [@bib0011], [@bib0012], none has been included in recommended screening strategies yet. In order to further investigate this issue, we measured the blood levels of some markers of inflammation and immune activation in blood samples from a population of HIV-infected patients that were screened for TB using the WHO symptom screening and the GeneXpert molecular test on sputum within a multicenter study conducted in Mozambique [@bib0013].

2. Study population and methods {#sec0002}
===============================

We used stored blood samples and clinical data from patients participating to a study of intensive TB case finding with symptom screening, conducted in Mozambique within the Disease Relief through Excellent and Advanced Means (DREAM) program of the Community of S. Egidio, an Italian faith-based non-governmental organization. The study, described elsewhere [@bib0013], enrolled patients between 2014 and 2016, following informed consent and according to the approval by the National Committee for Health Bioethics of the Mozambican Ministry of Health in 2014 (ref. 36/CNBS/2014). This laboratory substudy obtained an additional specific approval for use of collected samples by the National Committee for Health Bioethics of the Mozambican Ministry of Health in 2018 (IRB0002657, ref. 364/CNBS/18). The samples analyzed here represent residual plasma amounts that were stored at -- 80 °C at the laboratories of the DREAM health centers of Beira and Maputo following routine analyses for the clinical care of patients followed at the two above DREAM clinical sites. We included all available samples of Xepert-positive patients and a casual sample of Xpert-negative individuals. All the patients had a record of survival status at 12 months available. A small number of available plasma samples from healthy laboratory personnel with no declared risk of infection with HIV served as control group in comparative analysis of biomarkers. No additional information regarding the contol group was collected.

In accordance with WHO guidelines, active TB was defined by a positive result to a molecular TB assay on sputum (Xpert MTB/RIF Assay system, Cepheid, Sunnyvale, CA, USA) [@bib0005], and symptom screen positivity was defined by presence of any of four WHO symptoms (WHO-4SS: current cough, fever, night sweats, weight loss) in the previous 30 days [@bib0014]. Demographic and clinical information was collected during routine clinical visits at the DREAM health centers. The three host biomarkers evaluated in plasma samples were CRP, Neopterin, and IP-10. Biomarkers levels were measured according to manifacturer\'s instructions using the following commercial assays: Human CRP ELISA Kit (Arigo Biolaboratories Corporation, Hsinchu City, Taiwan); Neopterin ELISA (IBL-International GMBH, Hamburg, Germany); Quantikine ELISA Human CXCL10/IP-10 Immunoassay (R&D Systems Europe, Abingdon, UK).

Population characteristics were summarized as medians with interquartile ranges (IQR). The CRP threshold concentration defining a screen positive for TB was set at 10 mg/L, according to previous studies [@bib0012]. For neopterin, a cutoff level \<10 nmol/L was used to define normal values, for consistency with previous studies [@bib0015]. For IP-10, in the absence of established threshold values for screening purposes, we performed exploratory analyses based on different thresholds. Point estimates and 95% CIs were calculated for the sensitivity, specificity, negative and positive predictive value (NPV, PPV) in reference to Xpert results. Differences in sensitivity and specificity were compared with McNemar\'s test of paired proportions. Qualitative variables were compared using the chi-square or the Fisher test, and quantitative variables using the Mann--Whitney *U* test. Correlations between quantitative variables (levels of biomarkers, CD4 cell count, BMI and haemoglobin) were assessed with the Spearman test. For all tests, p values below 0.05 were considered statistically significant. All analyses were performed using the SPSS software, version 22 (IBM Corp, 2013, Armonk, NY, USA).

3. Results {#sec0003}
==========

Stored samples were available for 143 patients enrolled in the intensive TB case finding study (21 with a Xpert-positive test result \[14.7%\] and 122 \[85.3%\] with two sequential negative Xpert tests) and for 12 controls. The general characteristics of the HIV-infected individuals evaluated for TB are shown in [Table 1](#tbl0001){ref-type="table"}. The presence of a positive Xpert test on sputum was associated, as expected, with worse clinical and immunological conditions, and with presence of TB-related symptoms ([Table 1](#tbl0001){ref-type="table"}). The comparative analysis of the levels of CRP, neopterin and IP-10 according to TB status, showed significantly higher levels of all the three biomarkers in Xpert-positive compared to Xpert-negative subjects. Both groups of HIV-infected subjects, with and without TB, had significantly higher levels of all biomarkers compared to control subjects ([Table 2](#tbl0002){ref-type="table"}).Table 1Population characteristics.Table 1All (*n*: 143)Xpert-positive (*n*: 21)Xpert-negative (*n*: 122)*P* value[b](#tb1fn2){ref-type="table-fn"}Site (*n*,%) - Maputo5011 (22.0%)39 (78.0%)0.070 - Beira9310 (10.8%)83 (89.2%)Gender (*n*,%): - Male7412 (16.2%)62 (83.8%)0.592 - Female699 (13.0%)60 (87.0%)WHO HIV Clinical stage (*n*,%): - I702 (2.9%)68 (97.1%) - II414 (9.8%)37 (90.2%)\<0.001 - III3115 (48.4%)16 (51.6%) - IV10 (0%)1(100.0%)Age (years: median, IQR) (*n*: 143)36 (29--43)38 (31.5--44.5)35.5 (29.0--43.0)0.369Time from HIV diagnosis (weeks: median, IQR)2 (1--2)2 (1--2)2 (1--2)0.474Body mass index (Kg/m^2^: median, IQR)[a](#tb1fn1){ref-type="table-fn"}21.0 (19.1--24.3)18.8 (17.4--20.6)21.3 (19.3--24.8)\<0.001CD4 cell count, (cells/mm^3^, median, IQR)194 (122--326)133 (93--200)202 (142--354)0.012Haemoglobin (g/dl, median, IQR)11.4 (10.1--13.1)9.5 (8.9--11--3)11.6 (10.4--13.2)0.001At least one WHO-4SS symptom (*n*,%)6018 (30.0%)42 (70.0%)\<0.001No WHO-4SS symptoms (*n*,%)833(3.6%)80 (96.4%)[^1][^2]Table 2Levels of biomarkers in each group.Table 2Panel A: HIV-positive, Xpert-positive (*n*: 21)Panel B: HIV-positive, Xpert-negative (*n*: 122)Panel C: Controls (*n*: 12)*P* value, A vs. B*P* value, A vs. C*P* value, B vs. CIP-10 (pg/ml, median, IQR)1268 (771--1701)449 (262--735)120 (107--147)\<0.001\<0.001\<0.001Neopterin (nmol/L, median, IQR)50.4 (32.6--86.6)15.0 (9.5--26.4)6.5 (5.5--8.4)\<0.001\<0.001\<0.001CRP (mg/L, median, IQR)15.7 (6.3--19.2)1.1 (0.7--1.5)0.6 (0.6--0.6)\<0.001\<0.001\<0.001[^3]

The potential diagnostic value (sensitivity, specificity, PPV and NPV) of hypothetical screening strategies for TB based on WHO symptoms or of increased levels of neopterin (\>10 nmol/L) and CRP (\>10 mg/L) is reported in [Table 3](#tbl0003){ref-type="table"}. The three strategies showed minor and non-significant differences in sensitivity, but were significantly different in terms of specificity, with CRP \>10 mg/L significantly better than both neopterin \>10 nmol/L and WHO-4SS, and with neopterin significantly worse than the other two markers. Negative predictive value was high (\> 95%) for all the three strategies, while positive predictive value was much more variable, reflecting the observed differences in specificity ([Table 3](#tbl0003){ref-type="table"}). We also explored the potential diagnostic value of IP-10 using different thresholds but no threshold showed adequate combinations of sensitivity and specificity (data not shown).Table 3Diagnostic value of different indexes as predictors of pulmonary TB (positive Xpert test).Table 3Xpert-positiveXpert-negative*P* value[a](#tb3fn1){ref-type="table-fn"}SensitivitySpecificityPPVNPVWHO4SS: at least one symptom18/21, 85.7%42/122, 34.4%\<0.00185.7[b](#tb3fn2){ref-type="table-fn"}^,^[d](#tb3fn4){ref-type="table-fn"}65.6[d](#tb3fn4){ref-type="table-fn"}^,^[f](#tb3fn6){ref-type="table-fn"}30.096.4Neopterin, \>10 nmol/L20/21, 95.2%89/122, 73.0%0.02795.2[c](#tb3fn3){ref-type="table-fn"}^,^[d](#tb3fn4){ref-type="table-fn"}27.0[f](#tb3fn6){ref-type="table-fn"}^,^[g](#tb3fn7){ref-type="table-fn"}18.397.1CRP, \>10 mg/L,16/21, 76.2%6/122, 4.9%\<0.00176.2[b](#tb3fn2){ref-type="table-fn"}^,^[c](#tb3fn3){ref-type="table-fn"}95.1[e](#tb3fn5){ref-type="table-fn"}^,^[g](#tb3fn7){ref-type="table-fn"}72.795.9[^4][^5][^6][^7][^8][^9][^10]

We then explored the correlations that linked each individual biomarker with the other two and with three general markers of health status in people with HIV, represented by CD4 cell count, body mass index and haemoglobin. The results of these correlations are reported in [Table 4](#tbl0004){ref-type="table"}. Each biomarker showed significant positive correlations with the other two, with the best correlation found between neopterin and IP-10 (R: 0.769, *p* \< 0.001). The levels of the three markers were also significantly and inversely correlated with CD4 cell count and haemoglobin, and, although less consistently, with BMI, indicating that biomarkers levels increased significantly with decreasing values of these health status indexes. The possible prognostic value in terms of subsequent mortality for the levels of the three biomarkers, CD4 cell count, age, haemoglobin and BMI is shown in [Table 5](#tbl0005){ref-type="table"}. Baseline age, haemoglobin and BMI were substantially similar between individuals with and without mortality during follow up, while significant differences were found for CD4 cell count (lower levels associated with mortality) and for IP-10, neopterin and CRP (higher levels associated with mortality, [Table 5](#tbl0005){ref-type="table"}). Among TB-positive individuals only, the levels of the three markers showed some differences (significant for IP-10 and CRP and close to statistical significance for neopterin) according to the mycobacterial load in sputum, as defined by the semiquantitative Xpert results, with consistently higher levels of the three markers in the presence of higher MTB load ([Table 5](#tbl0005){ref-type="table"}).Table 4Correlations.Table 4CRP (mg/L)IP-10 (pg/ml)CD4 (cells/mm^3^)Haemoglobin (g/dl)BMI (kg/m^2^)Neopterin (nmol/L)R: 0.342R: 0.769R: −0.340R: −0.262R: −0.155*P* \< 0.001*P* \< 0.001*P* \< 0.001*P* = 0.002*P* = 0.065CRP (mg/L)R: 0.298R: −0.253*R*= −0.288R: −0.285*P* \< 0.001*P* \< 0.001*P* \< 0.001*P* = 0.001IP-10 (pg/ml)R: −0.323R: −0.285R: −0.119*P* \< 0.001*P* = 0.001*P* = 0.157CD4 (cells/mm^3^)R: 0.329R: 0.159*P* \< 0.001*P* = 0.058Haemoglobin (g/dl)R: 0.206*P* = 0.014[^11]Table 5Laboratory and clinical markers according to subsequent life status (alive or deceased, all subjects) and to MTB load (as provided by Xpert testing, Xpert-positive subjects only).Table 5All subjects (*n*: 143)Alive (*n*: 130)Deceased (*n*: 13)*p* valueLow MTB load (*n*: 13)[a](#tb5fn1){ref-type="table-fn"}High MTB load (*n*: 8)[b](#tb5fn2){ref-type="table-fn"}*p* valueIP-10 (pg/ml, median, IQR)505 (293--945)502 (263--898)726 (463--2221)0.029793 (609--1452)1701 (1272--2623)0.008Neopterin (nmol/L, median, IQR)16.7 (10.5--34.4)16.6 (9.6--30.9)34.4 (14.9--98.6)0.01146.6 (17.0--67.8)65.3 (46.9--121.6)0.089CRP (mg/L, median, IQR)1.15 (0.75--2.20)1.14 (0.73--1.83)1.44 (1.17--13.0)0.03211.7 (1.7--17.7)17.2 (14.5--23.5)0.043CD4 count (cells/mm^3^, median, IQR)194 (122--326)199 (137--354)102 (70--195)0.004142 (94--176)117 (58--281)0.800Age (years, median, IQR)36 (29--43)36 (30--43)40 (27.5--52.5)0.38038.0 (31.5--41.0)41.0 (30.2--48.5)0.327Haemoglobin (g/dl, median, IQR)11.4 (10.1--13.1)11.5 (10.1--13.2)10.9 (9.6--12.7)0.3909.5 (7.9--12.2)9.4 (9.0--11.3)0.800Body mass index (Kg/m^2^, median, IQR)21.0 (19.1--24.3)21.1 (19.1--24.3)20.8 (16.9--23.1)0.27919.6 (17.6--20.8)18.0 (17.3--19.7)0.355[^12][^13]

4. Discussion {#sec0004}
=============

This study showed that levels of IP-10, neopterin and CRP were significantly associated with pulmonary TB and other clinical outcomes in HIV-infected individuals. In HIV-infected persons from a clinical study, the levels of all the three biomarkers were significantly higher in the presence of pulmonary TB, and were also much higher compared to healthy controls. Using commonly accepted thresholds for the definition of increased levels of neopterin (\>10 nmol/l) and CRP (\>10 mg/l), both markers performed relatively well in terms of sensitivity compared to the traditionally used WHO four-symptom screening panel for pulmonary TB, but had marked differences in specificity, that was particularly poor for neopterin (27.0%, significantly inferior to both symptom screening and CRP), and very good for CRP (95.1%, significantly superior to both symptom screening and neopterin). Overall, neither increased levels of neopterin nor increased levels of CRP appeared to perform substantially better than WHO-4SS in both sensitivity and specificity. Our data, however, confirming that CRP \>10 mg/l has better specificity for pulmonary TB compared to symptom screening [@bib0012], suggest that this biomarker might deserve further consideration in screening strategies. A major problem, shown by this and other studies, is represented by the lack of clinical or laboratory indexes that may effectively obtain in screening strategies, alone or combined, 100% sensitivity [@bib0012], [@bib0016].

Despite such limitations, biomarkers can still provide useful information, and in this study their levels were strongly linked not only with presence of TB, but also with other indexes of health status, disease severity and mortality. Together with significant positive correlations among the levels of the three biomarkers, we showed significant inverse correlations of all biomarkers with haemoglobin, and a significant inverse correlation between CRP levels and BMI. Even more importantly, the levels of all biomarkers were higher in HIV-infected patients than in controls, and significantly associated with degree of immune deterioration (CD4 cell counts). This should be taken into account when considering biomarkers as diagnostic tools for TB in HIV-infected patients. It should be also noticed that levels of biomarkers were strongly associated with subsequent mortality, and (for IP-10 and CRP) with mycobacterial load in sputum. The association with mortality, already described by Bedell et al. for CRP [@bib0017], indicates a strong prognostic potential that should be further explored. The association with mycobacterial load in sputum, although limited to a small number of cases, and significant only for IP-10 and CRP, is consistent with the results of other studies [@bib0018], [@bib0019], and indicates that even within the group of individuals with pulmonary TB, significant differences can be found in biomarker levels according to severity and, possibly, transmissibility of TB disease.

5. Conclusions {#sec0005}
==============

In summary, this study provided a comprehensive evaluation of three commonly used biomarkers of immune activation and inflammation in HIV-infected individuals with and without TB. Despite the limitation of a relatively small sample size, this study showed several significant associations of potential clinical and pathogenetic relevance. The observed findings may represent the basis for subsequent clinical and operational research, particularly in the identification of effective screening strategies for TB, that represent a strong and urgent health priority.

This work was possible thanks to the dedication of professor Massimo Amicosante who made a substantial contribution in designing this study. Professor Amicosante passed away in Sophia, Bulgaria on 1 October 2017 and didn\'t get to see the full results of the study.

Massimo was a respected scientist, devoted to understanding and designing experimental diagnostics for HIV, tuberculosis, berylliosis and cystic echinococcosis. He accompanied the earlier steps of this study with generosity and kindness.

This work is dedicated to his memory.

[^1]: *n*: 142.

[^2]: chi-square test for categorical variables; Mann--Whitney *U* test for quantitative variable.

[^3]: All *p* values: Mann--Whitney *U* test.

[^4]: Chi-square test or Fisher test

    PPV: positive predictive value; NPV: negative predictive value.

[^5]: WHO-4SS versus CRP \>10 mg/L: *p* value for the comparison of sensitivity: 0.688, McNemar test.

[^6]: CRP\>10 mg/L versus Neopterin \>10 nmol/L: *p* value for the comparison of sensitivity: 0.127, McNemar test.

[^7]: WHO-4SS versus neopterin \>10 nmol/L: *p* value for the comparison of sensitivity: 0.625, McNemar test.

[^8]: WHO-4SS versus CRP \>10 mg/L: *p* value for the comparison of specificity: \<0.001, McNemar test.

[^9]: WHO-4SS versus neopterin \>10 nmol/L: *p* value for the comparison of specificity: \<0.001, McNemar test.

[^10]: CRP\>10 mg/L versus Neopterin \>10 nmol/L: *p* value for the comparison of specificity: \<0.001, McNemar test.

[^11]: R: Spearman\'s Rho. All *p* values: Spearman correlation test.

[^12]: Low MTB load: Xpert level: low or very low.

[^13]: High MTB load: Xpert level: intermediate or high. All *p* values: Mann--Whitney *U* test.
